Editor: S.J. Cutler

To the Editor,

There is currently uncertainty regarding the zoonotic repertoire of SARS-CoV-2. Shi et al. observed that cats were susceptible. Dogs and ferrets show intermediate vulnerability. The pathogen failed to infect or replicate in pigs, chickens and ducks \[[@bib1]\]. Their data strongly suggest that the pathogen\'s species predilection may be related to body temperature. The preferred hosts, human and cats, exhibit mean body temperatures below that of more resistant hosts such as pigs, chicken and ducks ([Table 1](#tbl1){ref-type="table"} ), whose corporal temperatures can range between 39°C and 42°C ([Table 1](#tbl1){ref-type="table"}).Table 1Rectal/core temperatures (in degrees Celsius) of animals/species and their proclivity to SARS-CoV-2 InfectionTable 1AnimalMean temperatureSource**Suspected hosts**Chinese pangolin33.4--35.5Heath 1986 \[[@bib8]\]South East Asian bats37.1Hu 2011 \[[@bib9]\]Golden hamster36.1Eberli 2011 \[[@bib10]\], Sia 2020 \[[@bib11]\]**Permissive hosts**Masked palm civets (*Paguma larvata*)36.9Wu 2005 \[[@bib12]\]Humans37Cats37.8Levy 2015 \[[@bib13]\]European mink36.2--38.4Youngman 1990 \[[@bib14]\]**Intermediate host**Ferret38.2--38.8Maxwell 2016 \[[@bib15]\]Beagle dogs39.1Refinetti 2003 \[[@bib16]\]**Resistant host**Large white pigs39.3--39.8Reneaudeau 2007 \[[@bib17]\]\
Reneaudeau 2010 \[[@bib18]\]\
Heldmaier 1974 \[[@bib19]\]Ducks40.0--41.2Smith 1976 \[[@bib20]\]\
Artoni 1989 \[[@bib21]\]\
Marais 2011 \[[@bib22]\]White leghorn chickens41.6--41.9Hu 2019 \[[@bib23], [@bib24]\]

A similar pattern has been observed with the suspected hosts, South East Asian bats, the Chinese pangolin and masked palm civets (*Paguma larvata*); all modest corporal temperature heterotherms and homeotherms ([Table 1](#tbl1){ref-type="table"}). Bats do show considerable diurnal and seasonal variation in body temperature, notably with precipitous drops during periods of torpor and hibernation. This may render them an idoneous host to act as a viral reservoir.

In addition, Shi et al. reported that SARS-CoV-2 infectious virions were only isolated in upper airways but not in other viscera following inoculation \[[@bib1]\]. Further the virus was only able to replicate in the upper respiratory tract \[[@bib1]\]. This is notwithstanding the fact the docking ACE2 enzyme receptor is located throughout the airways and lungs of ferrets. Indeed *ex vivo* SARS-CoV-2 did bind to ferret bronchiolar cells \[[@bib1]\]. It is noteworthy that the ferret holds a somewhat intermediate core temperature, higher than that of favoured hosts, humans and cats, but less than that of pigs and ducks ([Table 1](#tbl1){ref-type="table"}). Clearly the upper airways are at a lower temperature than core temperature, potentially explaining the predisposition of SARS-CoV-2 for the upper respiratory tract.

The European mink has also been found to be vulnerable to SARS-CoV-2, with significant animal attrition observed in two mink farms in The Netherlands due to the virus \[[@bib2]\]. Tellingly, the European mink has recorded corporal temperatures of between 36.2°C and 38.4°C ([Table 1](#tbl1){ref-type="table"}).

In further support of this SARS-CoV-2 temperature phenomenon, the virus has been shown to be exquisitely temperature labile, more so than ancestral SARS-CoV-1. Ou et al. demonstrated the S surface protein of SARS-CoV-2, responsible for binding to ACE2, to be particularly temperature sensitive, with activity dropping precipitously as temperatures rise above 37.5°C \[3\].

Interestingly Wan et al. found pig, ferret and cat ACE2 to be identical or very similar to human ACE2 at "critical virus binding residues" \[[@bib4]\]. However Shi et al. showed only the cat to be an unequivocal host \[[@bib1]\]. Pig ACE2 shows greater homology to human ACE2 than either that of cats and ferrets but only the last two were shown to be hosts \[[@bib1],[@bib4]\]. Further, cat and ferret ACE are identical at critical viral-binding residues and yet the cat is a permissive host and the ferret only partially vulnerable. Hence species affinity of SARS-CoV-2 cannot be explained exclusively by ACE2 morphology.

The temperature lability of SARS-CoV-2 may be germane to immune evasion. Ou et al. showed that the S protein of both SARS-CoV 1 and 2 was deactivated even at temperatures of 37°C \[[@bib3]\]. The S protein of SARS-CoV-2 was much more susceptible to this deactivation than that of SARS-CoV-1. The fleeting existence of the protein in the blood at these temperatures, prior to denaturation, may prevent the host from mounting a comprehensive immune response. Alternatively, seroconversion may occur to an S protein altered by thermo-degradation and thereby a quasi-decoy antigen. A recent statement from the World Health Organization suggests that infection does not necessarily confer immunity even with the detection of antibodies (<https://www.who.int/news-room/commentaries/detail/immunity-passports-in-the-context-of-covid-19>) \[[@bib6]\]. Questions remain regarding immunity following infection \[[@bib5]\]. Further preliminary evidence from the US Centre for Disease Control and Prevention shows that those infected mount a much more consistent IgA than IgG response; indicative of epithelial surface-centred rather than serum-centred immunity (<https://wwwnc.cdc.gov/eid/article/26/7/20-0841_article>) \[[@bib7]\]. Evidence points to a nascent but rather inchoate immune response to SARS-CoV-2, potentially truncated by temperature vulnerability of the spike protein.

In summary, temperature lability of SARS-CoV-2 S-protein may limit its host repertoire but equally may truncate pathogen exposure to host immunity, curtailing the amplificative catenation of cellular and molecular events involved in primary immunity.
